Abstract: Retention forestry, including the retention of woodland key habitats (WKH) at the forest stand scale, has become an essential management practice in boreal forests. Here, we investigate the spatial distribution of 9470 habitat patches, mapped according to the Complementary Habitat Inventory method (CHI habitats), as potential WKHs in 10 sample areas in Norway. We ask whether there are parts of the forest landscapes that have consistently low or high density of CHI habitats compared to the surveyed landscape as a whole, and therefore have a low or high degree of conflict with harvesting, respectively. We found that there was a general pattern of clumped distribution of CHI habitats at distances up to a few kilometres. Furthermore, results showed that most types of CHI habitats were approximately two to three times as common in the 25% steepest slopes, lowest altitudes and highest site indices. CHI habitats that are most common in old-growth forests were found at longer distances from roads, whereas habitats rich in deciduous trees were found at shorter distances from roads than expected. Both environmental factors and the history of human impact are needed to explain the spatial distribution of CHI habitats. The overrepresentation of WKHs in parts of the forest landscapes represents a good starting point to develop more efficient inventory methods.
Introduction
Globally, forest area reduction and degradation are among the most important factors threatening biodiversity. Approximately 14 million hectares of forest are annually lost to agriculture and other land uses [1] . Forests amount to 30% of global terrestrial land area, and up to three quarters of terrestrial species are found in forests [2] . It is therefore of vital importance to the conservation of biodiversity that forests are managed in a sustainable way. Traditionally, conservation actions in forests were primarily to set aside forest areas as protected land. However, to date, this constitutes only 13% of global forest area, which is not supposed to be sufficient to stop the loss of biodiversity [1] . In recognition of this, we have seen the development of approaches where environmental, economic, and cultural values are managed on the same areas simultaneously [3] . Production of ecological and economic values in the same areas is challenging because of conflicts that potentially exist between these two objectives.
approximately one third of the forest area each. Boreal deciduous forest, such as aspen (Populus tremula) and birch (Betula pubescens), constitutes the last third of the forest area in Norway. In the boreo-nemoral zone in the south of Norway, several broadleaved deciduous tree species form deciduous forests on south facing slopes. However, these forests amount to only 1.3% of the productive forest area in Norway [15] .
We used a geo-database containing areas mapped using the CHI habitat inventory method [16] , to investigate which parts of Norwegian forest landscapes that have high and low probability of supporting different habitat types important for red-listed species at the forest stand scale. We selected four landscape variables which both reflect potential forest revenue and at the same time reflect one of the important factors of species richness variation, namely disturbance, productivity or altitude. The first two variables are slope and distance from road which both are related to disturbance. Increasing slope reflects increasing probability of natural disturbances such as screes and avalanches, whereas distance from road is reflecting decreasing human disturbance, such as due to forestry. Site index is a variable reflecting productivity (expressed as an index indicating height of 40-year old trees). Finally, mean altitude of the CHI habitat simply represents altitudinal variation. By analysing and comparing the distribution of habitats in 10 different landscapes (municipalities) we were able to detect local patterns as well as general patterns.
The CHI habitats (termed habitats hereafter) are mapped by forest planners in the field and the information is used when making forest management plans within each municipality. Twelve main habitat types are included in the inventory (Table 1) , and they are delimited in the field according to specified criteria, either by using densities of habitat elements or by using vegetation or topographic criteria. An area is delimited on the map according to given threshold values for density and quality of habitats with size exceeding 0.2 hectares. The 12 forest habitat types were included in the inventory because they are inhabited by relatively large numbers of rare and threatened species, mainly the numerous species with small individual area demands [16] . Such species are to a large degree associated with habitats that are either less common in managed forests than in old-growth forests (Snags, Logs, Late successions of deciduous trees, Trees with pendant lichens, Old trees, Hollow deciduous trees, and Recently burned forest), highly nutritious forest habitats (Luxuriant ground vegetation, Trees with nutrient-rich bark), or highly humid forest habitats (north-facing Rock walls, Clay ravines, and Stream gorges). Nationally, approximately 110,000 habitat units have been mapped so far, and more than 70,000 of them have been set aside as WKHs, often including a buffer zone. Snags  7  3  7  4  0  18  84  2  56  13  Logs  145  22  261  102  185  92  458  442  197  167  Late succ  200  22  315  162  71  56  54  59  149  26  Pend lichen  1  0  3  0  0  21  299  4  16  3  Old trees  329  4  258  104  121  61  406  96  80  286  Hollow trees  7  0  0  0  0  0  0  0  0  0  Recently burned  0  0  0  0  6  0  0  0  0  0  Lux ground  251  33  318  273  396  337  140  729  109  87  Rich bark  0  0  200  77  33  21  16  57  8  12  Rock wall  75  0  0  205  239  3  3  86  0  0  Clay ravine  0  0  0  0  0  0  0  0  0  0  Gorge  8  0  2  3  17  124  58  63  3  0 Forests 2016, 7, 11 4 of 14
The mapped habitats constitute an overview of the distribution of important forest habitats for biodiversity within the municipalities. We utilised habitat maps from 10 municipalities within south-eastern Norway (Figure 1 ) with an overall number of 9470 mapped habitat units (Table 1) . These 10 municipalities were selected because they (a) represented different parts of the major forestry region of Norway ( Figure 1) ; and (b) because the maps and data files from these municipalities had a high quality, and therefore reduced the need for data preparation. According to Moen [17] , two municipalities are situated in the southern boreal vegetation zone (Aurskog-Høland and Ullensaker), three in the boreo-nemoral zone (Marnardal, Songdalen, and Søgne), and five in the intermediate or northern boreal zone (Etnedal, Sør-Aurdal, Tokke, Rendalen, and Vinje). A summary of basic statistics for each municipality is given in Table 2 . The data set constitutes a total study area of 2934 km 2 , representing the regional extent of south-east Norway (the most important forest region of Norway). An overall area of 81 km 2 was classified as targeted CHI habitats. The habitat units thus constituted approximately 2.8% of the productive forest area. Figure 2 gives an example of mapped habitats from a municipality. The mapped habitats constitute an overview of the distribution of important forest habitats for biodiversity within the municipalities. We utilised habitat maps from 10 municipalities within southeastern Norway (Figure 1 ) with an overall number of 9470 mapped habitat units (Table 1) . These 10 municipalities were selected because they (a) represented different parts of the major forestry region of Norway ( Figure 1) ; and (b) because the maps and data files from these municipalities had a high quality, and therefore reduced the need for data preparation. According to Moen [17] , two municipalities are situated in the southern boreal vegetation zone (Aurskog-Høland and Ullensaker), three in the boreo-nemoral zone (Marnardal, Songdalen, and Søgne), and five in the intermediate or northern boreal zone (Etnedal, Sør-Aurdal, Tokke, Rendalen, and Vinje). A summary of basic statistics for each municipality is given in Table 2 . The data set constitutes a total study area of 2934 km 2 , representing the regional extent of south-east Norway (the most important forest region of Norway). An overall area of 81 km 2 was classified as targeted CHI habitats. The habitat units thus constituted approximately 2.8% of the productive forest area. Figure 2 gives an example of mapped habitats from a municipality. Digitised maps were used to investigate the distribution of the habitats in relation to the four landscape variables, and all GIS analyses were performed with ArcMap 10.0 [18] . We created a DEM (digital elevation model) by interpolating the surface using Spatial Analyst [18] . The DEM was used to derive a slope raster in percent. For each forest stand and habitat unit, we calculated a mean value of slope, elevation (altitude) and site index. In addition, a centre point was defined for each forest stand and habitat unit that was used to calculate the distance from the nearest road suitable for timber transport. Site index is estimated for each forest stand in the field by forest planners as the potential productivity, which is expressed as the value "H40 index", indicating the height of 40-year old trees [19] . Reference age of 40 years is the standard reference in the Nordic countries.
Analyses
First, to assess the spatial distribution of the CHI habitats we treated the observations as point patterns calculating the Ripley's K [20] . As the CHI habitats are mapped within development classes 4-5, they are bound by the distribution of forest stands of these development classes. The distribution of the Ripley's K was obtained from 1000 sets of random points within development classes 4-5, each of equal number to the CHI habitat in focus. If the observed Ripley's K exceeded the 97.5% percentile of the random distribution we infered a degree of aggregation of the CHI habitats that exceeded the spatial aggregation of the forest stand of development classes 4-5.
Furthermore, we compared landscape characteristics (slope, site index, altitude, distance to road) of defined habitat types [16] to those of (1) all productive forest stands (production potential >1 m 3 /hectare/year) of the municipalities; and (2) the mature part of the productive forest only (development class 5). A stand may include one or more habitat units, and a habitat unit may cross several stands. For each of the 10 municipalities, we focused on the deviations of the recorded habitat units by introducing a treatment contrast with all stands and mature stands as controls, respectively.
The Bayesian inference [21] applied followed a Generalized Linear Model setting where we assumed different likelihood functions for the various responses, Gaussian (altitude), Gamma (distance to road and slope), and negative binomial (site index), with corresponding mean to linear predictor link-functions, identity (Gaussian) and log (Gamma and negative binomial). Further, we specified all priors of the linear predictors being weak Gaussian distribution, i.e., Gaussian Latent Models. The linear predictors were similar across the responses with an intercept (stands) and effects representing the difference in each of the CHI habitats, i.e., a treatment-contrast specification. We assessed whether the 95% credibility interval for the effects of CHI habitats included 0, i.e., no difference among all forest stands. In this study, we used an Integrated Nested Laplace Approximation [22] , a fast deterministic alternative to the simulation approach by MCMC algorithms [23] . The calculations were all performed using the software R [24] .
Results
The number of habitat units recorded varied strongly among municipalities and habitat types (Table 1) . One habitat type (Clay ravine) was not recorded in any of the municipalities, and two other habitat types (Hollow deciduous trees and Recently burned forest) were excluded because recorded units did not exceed 10 in any of the municipalities. Furthermore, Rock wall and Stream gorge were excluded because they are topographically defined habitat types and their qualities defined by presence of other CHI habitat types. Results from the analyses are presented for the remaining seven habitat types, or for the five most abundant habitats excluding Snags and Trees with pendant lichens which were present in small numbers only in several municipalities.
Spatial Clustering
The results from all the Ripley K analyses are shown in the Appendix. In Table 3 , a summary is given of the proportion of investigated municipalities where the different habitat units were found to be more clustered than random. This proportion decreased as the scale increased. Whereas the proportion of significantly clustered outcomes was 0.96 at the shortest distance (up to 1 km), it decreased gradually to 0.50 at the longest distance (7.1-8.0 km). Thus, generally we found that spatial clustering was high and most pronounced at shorter distances. Table 3 . Clustering of the most common habitats at different spatial scales, expressed as the proportion of investigated municipalities where the habitat units appeared more clustered than random according to a Ripley K analysis (see the Appendix). The sum row shows calculated proportion when adding clustered outcomes for all habitats and dividing by the total number of outcomes. Late succ = Late succession of deciduous trees, Lux ground = Luxuriant ground vegetation, Rich bark = Trees with nutrient-rich bark. 
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Slope
The numbers of municipalities where different habitat types were found to be in flatter, steeper, or slopes that were not significantly different from all forest stands are summarized in Table 4 . Overall, only two out of a total of 53 statistical tests of habitat distribution within a municipality were found to occur in flatter terrain than expected. These two cases were Snags in one municipality and Pendant lichens in another. Generally, there was a strong overrepresentation of mapped habitats in steep terrain (40 out of 53 possibilities). This pattern is most pronounced for the habitat types Logs, Trees with nutrient-rich bark, Late succession of deciduous trees, Old trees, and Luxuriant ground vegetation. When the distribution of habitats was compared to mature forest only, the patterns were slightly weakened, but still with a clear tendency for the mapped habitats to be found in steeper terrain than expected (35 out of 51 statistical tests). None of the habitat types were found to occur in flatter terrain than expected within mature forest (Table 4) . Table 4 . Differences in the distribution of CHI habitats compared to all forest and all mature forest, respectively, for the variables slope, site index, altitude, and distance from road. The numbers refer to the number of municipalities with statistically significant outcomes (p < 0.05), and those not significantly different (NS) from random expectation (see Supplementary material for Bayesian tests for each municipality and habitat type). The number of outcomes varies between habitat types because not all habitats were found in all municipalities. Late succ = Late succession of deciduous trees, Pend lichen = Pendant lichens, Lux ground = Luxuriant ground vegetation, Rich bark = Trees with nutrient-rich bark. 
CHI hab
Mature Forest
Snags 0 3 1 0 1 3 1 2 1 0 3 1 Logs 0 1 9 0 1 9 6 3 1 1 3 6 Late succ 0 3 6 0 0 9 7 1 1 5 4 0 Pend lichen 0 3 0 0 3 0 0 3 0 0 1 2 Old trees 0 2 7 4 1 4 2 3 4 1 2 6 Lux ground 0 2 8 0 1 9 7 3 0 5 4 1 Rich bark 0 2 4 0 2 4 3 3 0 1 5 0 Total 0 16 35 4 9 38 26 18 7 13 22 16
Site Index
Overall, there was a clear tendency for the different habitats to be found at a higher site index than expected. This was not only the case for nutritious habitat types such as Trees with nutrient-rich bark (five out of seven possible) and Luxuriant ground vegetation (10 out of 10), but also for Logs (nine out of 10) and Late succession of deciduous trees (10 out of 10). In fact, 39 out of 53 comparisons turned out to be at a significantly higher site index (Table 4) . Only six out of 53 tests across municipalities showed statistical overrepresentation at lower site index than expected from all forest stands. Interestingly, the habitat type Old trees constitutes five of these. When comparing with mature forest only, the positive effect of site index was even clearer, and now also Snags were found to be more often located in stands with higher site index (Table 4) . 
Altitude
Out of the 53 comparisons 28 showed a statistical overrepresentation of habitats at a lower altitude than expected. This pattern was most pronounced for Logs (six out of 10), Late succession of deciduous trees (seven out of 10), and Luxuriant ground vegetation (nine out of 10). Only one type of habitat was generally found at a higher altitude than expected, namely Old trees (seven out of nine). Restricting the comparisons to mature forest only, gave a similar result regarding the general affinity of the habitats to lower altitudes, but Old trees were still more often found at higher altitudes (Table 4) .
Distance from Road
With respect to distance from road, 24 out of 53 comparisons showed significantly longer distances from road for recorded habitats, whereas six showed shorter distances, compared to random expectation. When compared to mature forests, the overall clear effect of distance from road was lost (16 comparisons in favour of longer distances, 13 comparisons in favour of shorter distances, and 22 not significantly different). This was because Late successions of deciduous trees, Luxuriant ground vegetation, and Trees with nutrient-rich bark within mature forest were together clearly overrepresented at shorter distances from road, combined with a less clear pattern of overrepresentation of Logs at longer distances from road (Table 4 ).
Discussion
Habitat Distribution Patterns
This is the first study investigating the spatial distribution of WKHs in forest landscapes. The Ripley's K analyses showed that there was a general pattern of aggregated spatial distribution of CHI habitats within productive forest in development classes 4-5. This was especially the case at distances up to a few kilometres. To study potential causes for this pattern, we investigated the relationship between the distribution of the various CHI habitats and four key landscape features, namely, slope, site index, altitude, and distance from road. All CHI habitats that showed significant patterns across municipalities were overrepresented on steep slopes and at high site index, when compared with all productive forest stands. Furthermore, all habitat types were overrepresented at low altitude, except Old trees (Table 4) . When comparing the habitat types with mature forest only, two main patterns appeared regarding distance from road: (1) habitats rich in deciduous trees were overrepresented at shorter distance from road than expected; and (2) old-growth habitats were overrepresented at longer distance from road than expected.
In this study, we have investigated the spatial distribution of important forest habitats for red-listed forest species, not the distribution of the species living in these habitats as such. It is therefore a study of the amount or density of important habitats, primarily for species groups such as insects and fungi. These two species groups constitute 80% of all forest living red-listed species in Norway. We argue that information about habitat density along gradients should be included as one important variable in order to understand biodiversity distributions along altitudinal gradients. This is especially important for species groups that are linked to specific habitats, such as fungi and insects living in dead wood.
There are two main spatio-temporal factors contributing to the distribution of habitats in landscapes: Environmental factors and human impact factors. These factors have interacted historically in shaping the present forest landscapes. We suggest that the patterns we have identified in our study system may represent general patterns of spatial distribution of important small-scale areas for forest biodiversity. Below we discuss how environmental factors and forestry can explain the distribution of CHI habitats in Norwegian forest landscapes. 
Environmental Factors
Why are the recorded habitats overrepresented in steep terrain? We suggest that there are at least three environmental factors (not mutually exclusive) contributing to this pattern. First, steep slopes will have a higher level of disturbance such as screes and avalanches. This will in turn increase the mortality rate of trees and favour the creation of habitats such as Logs and the recruitment of deciduous trees (eventually developing into Late succession of deciduous trees and Trees with nutrient-rich bark). One disturbance factor may be of particular importance for the present distribution of logs in the investigated region of Norway, and that is a massive bark beetle (Ips typographus) outbreak in the 1970s, that killed a particularly high number of spruce trees situated on high site index on slopes at lower altitudes [25] .
Second, steep slopes have on average a higher productivity. Grant [26] found that slope positions had a higher net primary productivity than flatter basin areas as a result of lower soil water contents, higher soil temperatures, and more rapid oxygen uptake which accelerated nutrient mineralization and uptake. Furthermore, Laamrani et al. [27] found a positive correlation between slope and site index across spatial resolutions from 5 to 20 metres in black spruce boreal forest in Canada. In our 10 municipalities, there was a weak but consistent positive correlation between slope and site index (mean: r = 0.20). Finally, southerly exposed slopes and hillsides will experience a higher summer temperature and therefore support more thermophilous species generally associated with the habitat Luxuriant ground vegetation in boreal forests [17] .
All habitat types that were associated with steep terrain, except Old trees, were consistently overrepresented at a higher site index and a lower altitude than expected. Habitat types such as Nutrient rich bark, Late succession of deciduous trees, and Luxuriant ground vegetation were all directly related to a high site index. Generally, productivity increases with increasing temperature (e.g., [28] ). In Fennoscandia, July mean temperature decreases with approximately 0.57 degrees Celsius/100 metre altitudinal increase [29] and productivity therefore decreases with increasing altitude. In the investigated municipalities, the correlation between site index and altitude was on average r =´0.43. Interestingly, we found that old-growth habitats like Snags and Logs were also overrepresented at high site index. We suggest that this pattern is an indirect effect of high productivity. Basal area of standing trees increases with productivity (e.g., [30] ), and so does the amount of dead wood in old-growth forests [31] . Because high-productive sites (usually at lower altitudes) have a higher growth rate, these sites will produce old-growth characteristics, such as large volume of dead wood, faster than low-productive sites (more common at higher altitudes). In the future, more low-productive sites at high altitudes will have had time to develop corresponding volumes of dead wood.
Pendant lichens and Snags did not show a clear pattern in relation to altitude within each municipality, but they were both strongly associated with elevated municipalities. At present, we are not able to explain the distribution of these habitat types, although we suggest that the prevalence of Snags in municipalities at higher elevation may be related to increased mortality of trees due to heavy snow load, and a higher longevity (and accumulation) of snags at lower temperature.
The habitat Old trees stands out as an exception to the general pattern of overrepresentation at high site index at lower altitude. This may simply reflect a relationship between tree age longevity and productivity; that trees generally get older at low site index as a result of slow growth [32] . However, this may also reflect a higher level of harvesting at the more lucrative areas of high site index in the past, and serves as an example of how environmental factors and human impact may interact to determine the spatial distribution of habitats.
The Impact of Forestry
Historically, the harvesting practice in Norwegian forests was dimension felling (i.e., selective logging of large-diameter trees). Virtually all productive forest area in Norway has been selectively logged during the past centuries. As a result of this, dead wood and old trees became scarce, dead wood probably reaching a historically low level in the first half of the twentieth century [33] . However, modern forestry practices, including clear-felling of whole stands and subsequent afforestation with seeding or planting, replaced selective logging around the middle of the twentieth century (e.g., [34, 35] ). After this shift, the volume of dead wood has increased [15] . The reason for this is that large areas of forests that are not yet harvested by clear-felling have barely been harvested at all since the introduction of stand-replacing forestry. Time since last logging in these forests typically varies from 50 to 150 years. Today, these stands are predominantly classified as development class 5 (mature forest). Most of the regenerating stands from clearcuttings, on the other hand, have not had the time to develop maturity and typical old-growth habitats.
Almost all mapped habitats were (by definition) situated in mature forests. By changing the comparison from all forest stands to mature stands only, we were able to evaluate the effect of stand-replacing forestry on the distribution of CHI habitats in landscapes. We found that the habitats were overrepresented in steep terrain when comparing with all development classes in productive forest. This could be interpreted as a result of the more recent harvesting history. Modern forestry is dependent on harvesters and forwarders which are most efficient in easily accessible terrain. It is therefore to be expected that stands regenerating from clear-felling will be underrepresented in steep and demanding terrain and overrepresented in flatter terrain, and vice versa we would expect that habitats in mature forest would be overrepresented in steep terrain. However, we found the same pattern when we limited our comparison to habitats within mature forest only. This is an important finding because overrepresentation within mature forest will have to be explained by factors other than stand-replacing forestry carried out during the last 60-70 years.
We are not aware of any studies which have investigated whether past harvesting rate by selective logging has been lower in steep terrain compared to flatter terrain. However, this was indicated by the overrepresentation of Logs in steep terrain within mature forest. The same can be seen for Old trees, especially in the three municipalities in the boreo-nemoral zone. The remaining two old-growth habitats Pendant lichens and Snags, however, did not show any overrepresentation in steep terrain. It is therefore unclear whether long-term logging has affected the present distribution of habitats in relation to steep terrain. Further studies are needed to separate the effects of harvesting from the effects of productivity on the spatial distribution of habitats with regard to terrain steepness.
Interestingly, the only habitat types being overrepresented in areas more distant from roads than expected were Logs, Old trees, and Pendant lichens. These are all considered old-growth habitats [16] . This pattern was also clear within mature forest only, and we suggest that it may reflect long-term harvesting patterns related to terrain transport distances. In contrast, the habitats associated with high productivity, such as Late succession of deciduous trees and Luxuriant ground vegetation, were often found closer to roads than expected. This may reflect the correlation between distance from road and altitude (r = 0.29), combined with a higher level of general human influence in lowland areas. Main forest roads in Norway typically follow the bottoms of the valleys where we find areas that are easily accessible with the most economically valuable forest. As a result, former human influence such as grazing by domestic animals, summer farming, and firewood harvesting has also been most pronounced in these easily accessible parts of the landscape. After being abandoned, many of these areas have been colonized by deciduous forest.
Management Considerations
One of the most striking results of this study is the consistent overrepresentation of CHI habitats in steep terrain. As can be seen from Figure 3 , the habitats are clearly underrepresented in flat terrain (0%-19% slope), and overrepresented in steep terrain (slopes above 33%). In steep terrain, cable yarding operations are most often used in Norway. However, net profit from cable yarding operations is usually small, and harvesting in these areas has therefore been uncommon. Approximately 70% of the CHI habitats have been selected to be set aside as woodland key habitat (WKH) and managed for biological diversity. As we can see from Figure 3 , these selected WKHs are even more overrepresented in slopes above 50% than in the total list of all mapped habitats. We can therefore conclude that where habitat inventories have been carried out, the current WKHs set aside are well represented in steep slopes with high biodiversity values.
One of the most striking results of this study is the consistent overrepresentation of CHI habitats in steep terrain. As can be seen from Figure 3 , the habitats are clearly underrepresented in flat terrain (0%-19% slope), and overrepresented in steep terrain (slopes above 33%). In steep terrain, cable yarding operations are most often used in Norway. However, net profit from cable yarding operations is usually small, and harvesting in these areas has therefore been uncommon. Approximately 70% of the CHI habitats have been selected to be set aside as woodland key habitat (WKH) and managed for biological diversity. As we can see from Figure 3 , these selected WKHs are even more overrepresented in slopes above 50% than in the total list of all mapped habitats. We can therefore conclude that where habitat inventories have been carried out, the current WKHs set aside are well represented in steep slopes with high biodiversity values. Few studies have investigated the efficiency of CHI habitats in maintaining species diversity. However, Gjerde et al. [16] compared the density of red-listed species in CHI habitats (Logs and Trees with nutrient rich bark) with that in randomly selected old-growth forest. They found the density to be four times higher in CHI habitats. Furthermore, Sverdrup-Thygeson et al. [36] found that CHI habitats had a high species richness of old-growth fungi on spruce logs and beetles in early-decay aspen snags. Although they found some differences in species composition between nature reserves and CHI habitats, they concluded that CHI habitats constitute an important complementary function in maintaining species diversity in combination with nature reserves and retention patches. However, no studies have investigated to what extent CHI habitats maintain long term species diversity.
The most cost-effective areas to harvest in steep terrain would be areas with high site index at low altitudes. These are exactly the parts of the forests landscapes we have identified as having particularly high occurrence of habitats important for biodiversity. Today, habitat inventories in steep terrain are often insufficient or lacking, and are both expensive and time consuming to carry out. Thus, there is a need for studies developing more effective habitat inventories which can increase the quality and cost-effectiveness of habitat mapping, particularly in steep terrain. Few studies have investigated the efficiency of CHI habitats in maintaining species diversity. However, Gjerde et al. [16] compared the density of red-listed species in CHI habitats (Logs and Trees with nutrient rich bark) with that in randomly selected old-growth forest. They found the density to be four times higher in CHI habitats. Furthermore, Sverdrup-Thygeson et al. [36] found that CHI habitats had a high species richness of old-growth fungi on spruce logs and beetles in early-decay aspen snags. Although they found some differences in species composition between nature reserves and CHI habitats, they concluded that CHI habitats constitute an important complementary function in maintaining species diversity in combination with nature reserves and retention patches. However, no studies have investigated to what extent CHI habitats maintain long term species diversity.
The most cost-effective areas to harvest in steep terrain would be areas with high site index at low altitudes. These are exactly the parts of the forests landscapes we have identified as having particularly high occurrence of habitats important for biodiversity. Today, habitat inventories in steep terrain are often insufficient or lacking, and are both expensive and time consuming to carry out. Thus, there is a need for studies developing more effective habitat inventories which can increase the quality and cost-effectiveness of habitat mapping, particularly in steep terrain. Table 5 . The proportion (%) of investigated area (development classes 4 and 5) consisting of different habitat types, and the proportion of the same habitat types on the 25% steepest slopes, lowest altitudes, highest site index, and longest distance from road. The numbers in parentheses are the ratio between a given entry and that of all investigated forest, i.e., number of times higher cover of a habitat type. The highest value for each variable is denoted in bold. Late succ = Late succession of deciduous trees, Lux ground = Luxuriant ground vegetation, Rich bark = Trees with nutrient-rich bark.
Habitat
All Generally, we found that the various habitat types are approximately two to three times as common in the 25% steepest slopes, lowest altitudes, and highest site indices (Table 5 ). We suggest that this level of overrepresentation is a good starting point to develop more efficient inventory methods. Few studies have investigated the cost of WKHs, and these have either investigated direct loss of forest revenues (e.g., [37] ), or estimated indirect costs such as terrain transportation costs when WKHs impose limitations to optimal extraction trails in the area [38] . We recommend that new studies investigate how to develop more effective habitat inventories to meet the need in steep terrain in areas where habitat mapping has not yet been conducted. The use of airborne laser scanning (e.g., [39]) combined with more targeted field inventories seems to represent an especially promising approach in this respect.
